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Motivation

• FPGAs provide reconfigurable 

hardware with deterministic data 

preprocessing capabilities

• Graphical tools such as LabVIEW 

for FPGA reduces development and 

integration time

• The combination of both 

technologies with EPICS simplifies 

the development of complex 

control, data acquisition and 

processing systems
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IRIO is a set of software tools 

simplifying the integration of 

RIO devices in EPICS
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RIO/FlexRIO Devices
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Development cycle: LabVIEW for FPGA
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Reducing development time in FPGAs using templates
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Using RIO devices in Linux
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IRIO Project: IRIO Library

NI RIO Linux Device Driver 
(kernel)

NI RIO Linux Device Driver 
(kernel)
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Hardware
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EPICS Device SupportEPICS Device Support Application 
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Program
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SDD Toolkit
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Configuration
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• Identification of the resources 

implemented in the FPGA

– The Design Rules document 

describes the rules for the FPGA 

implementation

• Provides an API simplifying the 

interface with the FPGA.

– Access to FPGA registers

– Analog input 

– Digital I/O

– DMA acquisition

– Image acquisition using cameralink

• Serial line for camera 

configuration

– Signal Generation (DDS)
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IRIO resources mapping
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IRIO Project: EPICS driver using asynDriver

 EPICS device driver using asynDriver

implementation for RIO devices 

(FlexRIO and cRIO) using IRIO library

 Automatically connects the PVs with 

FPGA resources using IRIO library

 If the user changes the FPGA design 

no compilation is needed

 ITER SDD generates the complete 

software unit
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IRIO Project: C++ classes for Nominal Device Support
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• Nominal Device Support 

approach defines a set of 

classes and PVs to be used for 

EPICS driver implementation. 

• NDS-irio is the set of NDS 

extended classes to use 

FlexRIO devices

• Simplify the implementation 

of EPICS device support for 

FlexRIO using NDS

http://www.upm.es/canalUPM/archivo/imagenes/logos/color/escupm01_new.jpg
http://www.upm.es/canalUPM/archivo/imagenes/logos/color/escupm01_new.jpg


Page 1220th Real Time Conference  2016 June 9th

Design Methodology
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ITER Fission chamber diagnostic use case application based on FlexRIO technology

• Integrate deterministic diagnostic into the 

FPGA (4 ADC sampling at 125MS/s). 

Data processing to detect/count pulses, 

RMS, and campbelling

FPGA 
Real Time 

Preprocessing

NI PXIe-7966R + 5761

125MHz data 

acquisition

Software 

trigger
Hardware 

trigger

AI[0-2] 
Low Pass Filter

ON/OFF 

activation
Cutoff freq 

selectable

1.25MHz

12.5MHz

Downsampling

N factor 

configurable

N 

Pulses 

detection

Campbelling

Current

CH0

CH1

CH2
Hardware 

processing

DMA transfers to HOST

Measurement info.

Pulse info:

sample peak detection

Width & heigth

Raw data acquired

DMA 1

DMA 0

I/O Registers 

Pulses detection

Campbelling

Current

PXI trigger line 2

Every 1ms for 

TimeStamps generation

14 bit at 

250MS/s per 

channel

http://www.upm.es/canalUPM/archivo/imagenes/logos/color/escupm01_new.jpg
http://www.upm.es/canalUPM/archivo/imagenes/logos/color/escupm01_new.jpg


Page 1420th Real Time Conference  2016 June 9th

ITER PXIe Fast controller: Image acquisition (cameralink).
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Can we add more processing capabilities? 

Is it possible to add a GPU?
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FPGA+GPU processing 

• NI-RIO Linux Device 

Driver modified to 

implement direct DMA 

from FPGA to GPU
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Conclusions

• We have defined a design methodology for implementing advanced data and 

image acquisition applications with RIO/FlexRIO devices, integrated with 

EPICS using IRIO software

• We have developed different LabVIEW/FPGA patterns and libraries for RIO 

devices

• It is not necessary to rewrite or even recompile the EPICS device support for 

every cRIO/FlexRIO configuration

• IRIO tools integrated in ITER CODAC Core System V5.2 (February 2016)

• IRIO tools are GPLV2

• Current users of IRIO:

– ITER Diagnostics use cases, KSTAR project, Russian DA (cRIO)

– ESS Bilbao
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Thank you very much for your attention!!

questions?

Mariano Ruiz & Sergio Esquembri 

Universidad Politécnica de Madrid, Spain
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Technical University of Madrid
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